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MEMORY CONFIGURATION AND METHOD 
FOR READING A STATE FROM AND 

STORING A STATE IN A FERROELECTRIC 
TRANSISTOR 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to a method for reading a state from 
a ferroelectric transistor of a memory cell or storing a state 
in a ferroelectric transistor of a memory cell. The invention 
also relates to a memory con?guration including a memory 
matrix. 

Such a method and such a memory matrix are described 
by T. Nakamura et al. in the article “A Single-Transistor 
Ferroelectric Memory Cell,” IEEE International Solid-State 
Circuits Conference, ISSCC95, Session 4, Technology 
Directions: Displays, Photonics and Ferroelectric Memories, 
pages 68—69, 1995. This memory matrix is a matrix having 
a large number of memory cells, Which each have a ferro 
electric transistor. The ferroelectric transistors are connected 
to one another in the form of a square matrix. Furthermore, 
the memory matrix has a read/store control apparatus, 
through the use of Which a state of a ferroelectric transistor 
in a memory cell in the memory matrix can be stored, or the 
current state of the corresponding ferroelectric transistor in 
the memory cell can be read. 

According to the procedure described by T. Nakamura et 
al., When a state is stored, deleted or read in a ferroelectric 
transistor in a memory cell in the memory matrix, a corre 
sponding read/store voltage is applied to the corresponding 
Word lines or bit lines. The application of the required 
read/store voltage also in?uences further ferroelectric tran 
sistors Which are located in adjacent positions in the memory 
matrix and are connected to the ferroelectric transistor 
Whose state is to be stored or read. In this Way, it is possible 
for the process of reading or storing a state of a ferroelectric 
transistor in the memory matrix to corrupt a state of a further 
ferroelectric transistor in the memory matrix, that is to say 
to inadvertently change this state. 
As described by T. Nakamura et al., a read/Write voltage 

of Vpp/Vrr is applied to the ferroelectric transistor from 
Which or in Which a state is to be read or stored. In this case, 
an interference voltage or disturbance voltage of approxi 
mately :VPP/Z or :Vpp/3 is applied to the adjacent further 
ferroelectric transistors Which are connected to this ferro 
electric transistor, and this can incorrectly change the state 
of the corresponding further ferroelectric transistor. 

The problem Will be explained in more detail With refer 
ence to FIG. 2. 

FIG. 2 shoWs a diagram 200 With a pro?le of the ferro 
electric polariZation 201 in the gate of a ferroelectric tran 
sistor as a function of an applied gate voltage VGS 202. The 
diagram 200 shoWs the gate voltage 202 in volts and 
the ferroelectric polariZation 201 in coulombs/m2 ([C/m2]). 

The pro?le of the ferroelectric polariZation 201 as a 
function of the gate voltage 202 is described by a hysteresis 
loop 203. As can be seen in FIG. 2, a conventional ferro 
electric transistor has tWo stable polariZation states, a ?rst 
stable polariZation state 204 and a second stable polariZation 
state 205. By changing the applied gate voltage VGS, in 
particular through the use of an “interference voltage” of 
VPP/Z or Vpp/3 as described above, the state of the ferro 
electric transistor can move along the hysteresis loop 203 to 
polariZation states Which cannot be distinguished 
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2 
electrically, namely to a ?rst indistinguishable polariZation 
state 206, and to a second indistinguishable polariZation 
state 207. 

While it is easily possible to distinguish the ?rst distin 
guishable polariZation state 204 electrically from the second 
distinguishable polariZation state 205, Whereby tWo different 
states can be provided and identi?ed through the use of the 
ferroelectric transistor Within the memory matrix, such a 
capability to electrically distinguish betWeen states is not 
guaranteed or even impossible With the indistinguishable 
polariZation states 206, 207. 

Such an interference voltage can thus result in the state 
Which is stored in adjacent further ferroelectric transistors in 
the memory matrix being changed, or at least becoming 
unde?ned, that is to say a polariZation state is formed in the 
corresponding adjacent ferroelectric transistor Which cannot 
be read reliably, that is to say cannot be distinguished 
electrically. 
A further ferroelectric transistor and a method for its 

production are described by Jong-Son Lyu et al. in the article 
“Metal-Ferroelectric-Semiconductor Field-Effect Transistor 
(MFSFET) for Single Transistor Memory by Using Poly-Si 
Source/Drain and BaMgF4 Dielectric,” IEDM 1996, pages 
503—506, 1996. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the invention to provide a 
method for reading a state from a ferroelectric transistor or 
storing a state in the ferroelectric transistor Which over 
comes the above-mentioned disadvantages of the 
heretofore-known methods of this general type and Which 
avoids that further ferroelectric transistors in further 
memory cells in the memory matrix are changed to an 
indistinguishable polariZation state by the process of reading 
from or storing in a ferroelectric transistor. It is a further 
object of the invention to provide a corresponding memory 
con?guration. 
With the foregoing and other objects in vieW there is 

provided, in accordance With the invention, a method for 
reading a state from a ferroelectric transistor or storing a 
state in the ferroelectric transistor, the method includes the 
steps of: 

providing, in a memory matrix, a memory cell With a 
ferroelectric transistor and further memory cells With further 
ferroelectric transistors; 

reading a state from the ferroelectric transistor or storing 
a state in the ferroelectric transistor; and 

increasing a threshold voltage of at least one of the further 
ferroelectric transistors in the memory matrix. 

In other Words, in a method for reading or storing a state 
from a ferroelectric transistor in a memory cell, or for 
storing a state in a ferroelectric transistor in the memory cell 
Which is provided in a memory matrix having a number of 
further memory cells With further ferroelectric transistors, 
the state is read from the ferroelectric transistor or is stored 
in the ferroelectric transistor. During the process of reading 
or storing the state of the ferroelectric transistor the thresh 
old voltage of at least one further ferroelectric transistor in 
the memory matrix is increased, in particular by applying a 
drain-substrate voltage VDS. 
With the objects of the invention in vieW there is also 

provided, a memory con?guration, including: 
a memory matrix including a plurality of memory cells 

connected to one another, the memory cells including fer 
roelectric transistors such that at least some of the memory 
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cells each include at least a respective one of the ferroelec 
tric transistors; 

a read/store control apparatus connected to the memory 
cells for controlling reading a state from one of the ferro 
electric transistors or storing a state to the one of the 
ferroelectric transistors; and 

the read/store control apparatus being con?gured such 
that the state is read from the one of the ferroelectric 
transistors or stored in the one of the ferroelectric transistors, 
and such that a threshold voltage of at least a further one of 
the ferroelectric transistors in the memory matrix is 
increased. 

In other Words, a memory matrix has a number of memory 
cells Which are connected to one another, With at least some 
of the memory cells having at least one ferroelectric tran 
sistor. Furthermore, the memory matrix has a read/store 
control apparatus, Which controls the process of reading a 
state from a ferroelectric transistor in a memory cell in the 
memory matrix, or the process of storing a state in a 
ferroelectric transistor in a memory cell in the memory 
matrix. The read/store control apparatus is set up such that 
the state is read from the ferroelectric transistor or is stored 
in the ferroelectric transistor and, during the process of 
reading or storing the state of the ferroelectric transistor the 
threshold voltage of at least one further ferroelectric tran 
sistor in the memory matrix is increased, in particular by 
applying a drain-substrate voltage VDS. 

Increasing the threshold voltage of a further ferroelectric 
transistor protects that further ferroelectric transistor in such 
a Way that it no longer changes to an indistinguishable 
polariZation state. 
As has been identi?ed according to the invention, increas 

ing the threshold voltage, in particular by application of a 
drain-substrate voltage VDS to a ferroelectric transistor, in 
each case results in the formation of a plateau in the 
hysteresis loop Which describes the ferroelectric polariZation 
pro?le. As is described further beloW, this plateau is suf? 
cient to prevent a change to an indistinguishable polariZation 
state as a result of a change to the gate voltage Which is 
produced by reading or storing a state from or in an adjacent 
ferroelectric transistor. 

This relates in particular to the region of the polariZation 
pro?le in Which the ferroelectric transistor is located When 
the applied gate voltage is in a depletion state of the charge 
carriers in the channel region of the ferroelectric transistor. 

The invention thus alloWs to read or store a state reliably 
from or in a ferroelectric transistor in a memory matrix, 
Without the states of further ferroelectric transistors Which 
are adjacent in the memory matrix being changed to an 
unde?ned state, that is to say to an electrically indistinguish 
able state, Which is to say Without causing a fault in the 
further ferroelectric transistors. 

The embodiments Which are described in the folloWing 
text relate both to the method and to the con?guration of the 
read/store control apparatus, Wherein, according to the cor 
responding embodiment, the read/store control apparatus in 
each case is set up to provide the corresponding improve 
ment. 

The corresponding embodiment of the read/store control 
apparatus can be implemented in softWare, through the use 
of a computer program Which is provided in a memory in the 
read/store control apparatus and is executed through the use 
of a processor. The corresponding embodiment of the read/ 
store control apparatus can also be implemented in hardWare 
through the use of a speci?c electronic circuit. 

Apreferred embodiment of the invention provides for the 
state to be read from the ferroelectric transistor or to be 
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4 
stored in the ferroelectric transistor by applying a read/store 
voltage to the gate electrode of the ferroelectric transistor in 
order to read or store the state. 

Furthermore, the threshold voltage of a further ferroelec 
tric transistor can be increased by applying a drain-substrate 
voltage to the further ferroelectric transistor in the memory 
matrix. The drain-substrate voltage VDS may be a constant 
voltage of approximately VDS=:3.3 V, depending on the 
type of ferroelectric transistor (+3.3 V for an n-channel 
ferroelectric transistor, —3.3 V for a p-channel ferroelectric 

transistor). 
A number of transistors, in particular a number of ferro 

electric transistors, can be used in a memory cell in the 
memory matrix. 

Even if a ferroelectric transistor Which has been produced 
using a speci?c method is used in the further exemplary 
embodiment, any desired further ferroelectric transistor 
may, hoWever, be used in an alternative embodiment Within 
the scope of the invention. 

For example, in particular, different materials may be used 
for the dielectric intermediate layer (in particular having a 
thickness of betWeen approximately 3 nm and 25 nm) of the 
ferroelectric transistor. The materials may include, for 
example, cerium oxide CeO2, Zirconium oxide ZrO2, tita 
nium oxide TiO2, tantalum oxide TaO2 or dialuminum oxide 
AlO2O3. 
BMF (BaMgF4), PZT ((PbZr)TiO3) or SBT (SrBi2Ta2O9) 

may be used, for example, as the ferroelectric layer. The 
ferroelectric layer has a thickness of betWeen about 30 nm 
and 300 nm. 

Furthermore, the invention can also be used With a 
p-channel ferroelectric transistor, although, in the further 
exemplary embodiment, the invention is described With 
reference to an n-channel ferroelectric transistor. In this 
case, all that is necessary is to reverse the polarity of the 
voltages to be applied in a corresponding manner. 
A number of electrical intermediate layers can also be 

provided Within a ferroelectric transistor, being composed of 
one or more of the materials described above. 

In general, any desired perovskite may be used for the 
electrical intermediate layer in the ferroelectric transistor. 

In this context, it should be noted that the invention is not 
limited to the structure of the ferroelectric transistor 
described in the exemplary embodiment but that, for 
example, the structure of a ferroelectric transistor described 
by T. Nakamura et al. in the above-mentioned article “A 
Single-Transistor Ferroelectric Memory Cell,” or described 
by Jong-Son Lyu et al. in the above-mentioned article 
“Metal-Ferroelectric-Semiconductor Field-Effect Transistor 
(MFSFET) for Single Transistor Memory by Using Poly-Si 
Source/Drain and BaMgF4 Dielectric” can also be used 
Without any problems Within the scope of the invention. 

Other features Which are considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is illustrated and described herein 
as embodied in a method for reading and storing a state from 
or in a ferroelectric transistor in a memory cell, and a 
memory matrix, it is nevertheless not intended to be limited 
to the details shoWn, since various modi?cations and struc 
tural changes may be made therein Without departing from 
the spirit of the invention and Within the scope and range of 
equivalents of the claims. 
The construction and method of operation of the 

invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
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ing description of speci?c embodiments When read in con 
nection With the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a is a partial schematic circuit diagram of a memory 
matrix having four memory cells, each having one ferro 
electric transistor; 

FIG. 1b is a table illustrating the corresponding voltages 
Which are applied to the lines of the memory matrix When 
reading or storing a state in a memory cell according to an 
exemplary embodiment of the invention; 

FIG. 2 is a graph illustrating a pro?le of the ferroelectric 
polariZation in the gate of a usual ferroelectric transistor as 
a function of the applied gate voltage When reading or 
storing a state from or in the ferroelectric transistor accord 
ing to the prior art; 

FIG. 3 is a diagrammatic, partial sectional vieW of a 
ferroelectric transistor according to an exemplary embodi 
ment of the invention; 

FIG. 4 is a ?oWchart illustrating the individual steps for 
reading or storing a state from or in a ferroelectric transistor 
according to an exemplary embodiment of the invention; 

FIG. 5 is a graph illustrating the pro?le of the ferroelectric 
polariZation in the gate of a usual ferroelectric transistor as 
a function of the applied gate voltage When reading or 
storing a state from or in the ferroelectric transistor accord 
ing to an exemplary embodiment of the invention; and 

FIG. 6 is a graph illustrating an output characteristic of the 
ferroelectric transistor according to an exemplary embodi 
ment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to the ?gures of the draWings in detail and 
?rst, particularly, to FIG. 1 thereof, there is shoWn a memory 
matrix 100 having four memory cells 101, 102, 103, 104. 

Each memory cell 101, 102, 103, 104 has a ferroelectric 
transistor 105, 106, 107, 108. Furthermore, the memory 
matrix 100 has a ?rst Word line 109 and a second Word line 
110. Furthermore, the memory matrix 100 has a ?rst bit line 
111, a second bit line 112, a third bit line 113 and a fourth 
bit line 114. 

The gate 115 of the ?rst ferroelectric transistor 105 and 
the gate 116 of the second ferroelectric transistor 106 are 
coupled to the ?rst Word line 109. 

The gate 117 of the third ferroelectric transistor 107 and 
the gate 118 of the fourth ferroelectric transistor 108 are 
coupled to the second Word line 110. 

The source 119 of the ?rst ferroelectric transistor 105 and 
the source 120 of the third ferroelectric transistor 107 are 
coupled to the ?rst bit line 111. 

The drain 121 of the ?rst ferroelectric transistor 105 and 
the drain 122 of the third ferroelectric transistor 107 are 
connected to the second bit line 112. 

The source 123 of the second ferroelectric transistor 106 
and the source 124 of the fourth ferroelectric transistor 108 
are connected to the third bit line 113. 

The drain 125 of the second ferroelectric transistor 106 
and the drain 126 of the fourth ferroelectric transistor 108 
are connected to the fourth bit line 114. 

The Word lines 109, 110 and the bit lines 111, 112, 113, 
114 are connected to a read/store control apparatus 127. 

The storing of a state of a ferroelectric transistor in the 
memory matrix 100 and the reading of a state of a ferro 
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6 
electric transistor in the memory matrix 100 are controlled 
by the read/store control apparatus 127 by application of 
different voltages to the corresponding Word lines 109, 110 
and/or to the corresponding bit lines 111, 112, 113, 114, as 
Will be explained in more detail in the folloWing text. 

FIG. 3 shoWs a ferroelectric transistor 300, as is provided 
as the ?rst ferroelectric transistor 105, as the second ferro 
electric transistor 106, as the third ferroelectric transistor 
107 and as the fourth ferroelectric transistor 108 in the 
memory matrix 100. 
The ferroelectric transistor 300 has a p-doped substrate 

301 composed of silicon, as Well as a source region 302 and 
a drain region 303 adjacent to Which tWo silicon regions 304, 
305 are provided. These regions are deposited using a 
conventional CVD (Chemical Vapor Deposition) method. A 
dielectric intermediate layer 306, Which is composed of 
silicon oxide, is then deposited over the channel region 307 
betWeen the source region 302 and the drain region 303 of 
the ferroelectric transistor 300. The dielectric intermediate 
layer 306 may alternatively also be composed of a different 
dielectric, for example A1203, CeO2 or ZrO2, Which is 
applied, for example, With the aid of a CVD method. 
A ferroelectric layer 308 Which may contain SBT 

(SrBi2Ta2O9) or PZT ((Pb,Zr)TiO3) is then applied to this, 
for example With the aid of a CVD method. 
The heat treatment of these tWo layers 306, 308 for 

producing the desired layer characteristics can be carried out 
in sequence, that is to say after the deposition of each 
individual layer but, alternatively,—if this is desired—it can 
be carried out in a step after the deposition of both layers 
306, 308. 

The dielectric intermediate layer 306 and the ferroelectric 
layer 308 are then structured through the use of an etching 
process. 

If a metallic gate electrode 309 is used, then this is 
produced by a sputtering method, and is then structured 
through the use of an etching process. The metallic electrode 
can be used as a hard mask for structuring the layers located 
underneath it. 

The source region 302 and the drain region 303 can be 
implanted in a self-adjusting manner to form the gate stack. 
The rest of the process steps before and after the produc 

tion of the ferroelectric gate stack can be carried out analo 
gously to standard CMOS (Complimentary Metal Oxide 
Semiconductor) manufacturing methods. 

Furthermore, the ferroelectric transistor 300 has contacts 
310, 311, 312, Which are conductively connected in a 
corresponding manner to the source 302, to the drain 303 
and to the gate electrode 309. 

In addition, the ferroelectric transistor 300 has a silicon 
planariZation layer 313. 

The reading and storing of a state in the ?rst ferroelectric 
transistor 105 Will be explained in more detail in the 
folloWing text With reference to FIG. 4 and FIG. 1b. 

In a ?rst step (step 401), a store voltage Vpp, Which is 
Vpp=5 V according to the exemplary embodiment, is applied 
to the ?rst Word line 109 in order to store a ?rst state. 

A voltage VPP/Z or Vpp/3 is applied to the non-selected 
second Word line 110, to the non-selected third bit line 113 
and to the non-selected fourth bit line 114 via the gate of the 
respective further ferroelectric transistors. 
A voltage of 0 V is applied to the ?rst bit line 111 and to 

the second bit line 112. 
At the same time as the application of the store voltage 

Vpp, a drain-substrate voltage VDS of VDS=+3.3 V is applied 
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to the further ferroelectric transistors 106, 107, 108, in order 
to protect them against an incorrect state change (step 402). 
In an alternative embodiment, the drain-substrate voltage 
VDS=+3.3 V can be applied permanently to all the ferro 
electric transistors in the memory matrix 100. The applica 
tion of the drain-substrate voltage of VDS=+3.3 V is illus 
trated in FIG. 1a through the use of voltage sources 128, 
129, 130, 131 in the substrate of the respective ferroelectric 
transistor 105, 106, 107, 108. 

In a further step (step 403), the state of the ?rst ferro 
electric transistor 105 is read by applying a read voltage V,, 
of Vrr=2.6 V to the ?rst Word line 109, and by applying a 
voltage V55 of VSS=0.1 V to the second bit line 112. 

If the read voltage is chosen to be greater than this, then, 
once again, in a further step (step 404), the drain-substrate 
voltage VDS of the further ferroelectric transistors 106, 107, 
108 can be applied to the value of VDS=+3.3 V at the same 
time as the read process in order to protect the further 
ferroelectric transistors 106, 107, 108. As stated above, in an 
alternative embodiment, the drain-substrate voltage of 
VDS=+3.3 V can be applied permanently to all the ferro 
electric transistors in the memory matrix 100. 

The deletion of the ?rst state in the ?rst ferroelectric 
transistor 105, Which can also be regarded as storage of a 
second state in the ?rst ferroelectric transistor 105, is carried 
out by applying the store voltage Vpp to the ?rst bit line 111 
and to the second bit line 112. 

In this case, a voltage of 0 V is applied to the ?rst Word 
line 109. Apreferably constant drain-substrate voltage VDS 
of VDS=+3.3 V is once again applied in order to protect the 
further ferroelectric transistors 106, 107, 108. 

The various applied voltages for storing (see 150 in FIG. 
1b) the ?rst state in the ?rst ferroelectric transistor 105, for 
storing (see 151 in FIG. 1b) the second state in the ?rst 
ferroelectric transistor 105 and for reading (see 152 in FIG. 
1b) the state from the ?rst ferroelectric transistor 105 are 
shoWn in tabular form in FIG. 1b. 

The increase in the threshold voltage of the ferroelectric 
transistor achieved by application of the appropriate drain 
substrate voltage Will be explained With reference to FIG. 5 
and FIG. 6. 

FIG. 5 shoWs the pro?le 500 of the ferroelectric polar 
iZation 501 at the gate of a ferroelectric transistor as a 
function of the gate voltage 502 With the increased ferro 
electric transistor threshold voltage, achieved according to 
this exemplary embodiment by a temporary application or 
permanent application of a drain-substrate voltage in the 
respective further ferroelectric transistor 106, 107, 108 or to 
all the ferroelectric transistors in the memory matrix 100. 

The resultant hysteresis loop 503 has tWo plateau regions 
504, 505. If noW, due to an interference voltage, the gate 
voltage VGS on a further ferroelectric transistor 106, 107, 
108 is increased, Which further ferroelectric transistor 106, 
107, 108 is in a ?rst state, indicated by a ?rst distinguishable 
polariZation state 506 in the hysteresis loop 503, then the 
application of the interference voltage results in the hyster 
esis loop 503 normally assuming only one polariZation state 
in the ?rst plateau region 504 provided the drain-substrate 
voltage is suf?ciently high, the plateau being symboliZed by 
a second distinguishable polariZation state 507. 

If the respective ferroelectric transistor is in a second 
state, as is indicated in the hysteresis loop 503 by a third 
distinguishable polariZation state 508, and an interference 
voltage is applied, then, once again, provided a suf?ciently 
high drain-substrate voltage is applied and the second pla 
teau region 505 is thus suf?ciently large, only one state is 
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8 
assumed, Which is located in the second plateau region 505, 
symboliZed by a fourth distinguishable polariZation state 
509. 
As can be seen from FIG. 6, the second distinguishable 

polariZation state 507 and the fourth distinguishable polar 
iZation state 509 can be distinguished from one another on 
the basis of the different output characteristics 601, 602 of 
the drain-source current IDS as a function of the gate voltage 
VGS, since the ?rst output characteristic 601 results for the 
second distinguishable polariZation state 507, and the sec 
ond output characteristic 602 results for the fourth distin 
guishable polariZation state 509. 

Thus, even the second distinguishable polariZation state 
507 Which is assumed as a result of an interference voltage 
can still be distinguished electrically from any fourth dis 
tinguishable polariZation state 509 Which may be assumed 
due to an interference voltage. 
The invention can thus be seen in that an application of a 

drain-substrate voltage changes the hysteresis loop of the 
corresponding ferroelectric transistor in such a manner that 
plateau regions are formed in the hysteresis loop, thus 
preventing the creation of unde?ned polariZation states, 
Which cannot be distinguished from one another electrically. 
A number of alternatives relating to the exemplary 

embodiment described above are explained in more detail in 
the folloWing text. The invention is not limited to the speci?c 
form of a memory matrix described above and, in particular, 
it is not limited to a memory matrix having four memory 
cells. The invention can be used With a memory matrix of 
any desired con?guration and With any desired number of 
memory cells, that is to say With ferroelectric transistors as 
memory cells. Furthermore, a memory cell may also include 
a number of transistors, in particular a number of ferroelec 
tric transistors. 
We claim: 
1. A memory con?guration, comprising: 
a memory matrix including a plurality of memory cells 

connected to one another, said memory cells including 
ferroelectric transistors such that at least some of said 
memory cells each include at least a respective one of 
said ferroelectric transistors; 

a read/store control apparatus connected to said memory 
cells for controlling one of reading a state from one of 
said ferroelectric transistors and storing a state to said 
one of said ferroelectric transistors; and 

said read/store control apparatus being con?gured such 
that the state is one of read from said one of said 
ferroelectric transistors and stored in said one of said 
ferroelectric transistors, and such that a threshold volt 
age of at least a further one of said ferroelectric 
transistors in said memory matrix is increased by 
applying a drain-substrate voltage. 

2. The memory con?guration according to claim 1, 
Wherein: 

said one of said ferroelectric transistors has a gate elec 
trode; and 

said read/store control apparatus is con?gured such that a 
read voltage is applied to said gate electrode for reading 
the state from said one of said ferroelectric transistors. 

3. The memory con?guration according to claim 1, 
Wherein: 

said one of said ferroelectric transistors has a gate elec 
trode; and 

said read/store control apparatus is con?gured such that a 
store voltage is applied to said gate electrode for storing 
the state in said one of said ferroelectric transistors. 
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4. The memory con?guration according to claim 1, 
wherein at least one of said memory cells in said memory 

matrix includes at least tWo transistors. 

5. The memory con?guration according to claim 1, 
Wherein said read/store control apparatus is con?gured such 
that the threshold voltage of said further one of said ferro 

electric transistors in said memory matriX is increased by 
applying a the drain-substrate voltage to said further one of 10 

said ferroelectric transistors in said memory matrix. 

10 
6. The memory con?guration according to claim 5, 

Wherein said read/store control apparatus is con?gured such 
that the drain-substrate voltage is substantially +3.3 volts. 

7. The memory con?guration according to claim 5, 
Wherein said read/store control apparatus is con?gured such 
that the drain substrate voltage is substantially —3.3 volts. 

8. The memory con?guration according to claim 1, 
Wherein the applied drain-substrate voltage forms a plateau 
in a hysteresis loop of said further one of said ferroelectric 
transistors to de?ne a ferroelectric polariZation pro?le. 

* * * * * 


